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Investigate the effect of pore heterogeneity on elastic
wave velocity evolution under mineral dissolution

process
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Mineral dissolution is a common phenomenon in many subsurface geo-systems, such as carbon sequestra-
tion, wastewater disposal and oil and gas recovery. Dissolution can change the topology of porous rock,
which affects the rock’s geophysical parameters, such as permeability and elastic wave velocity. We numeri-
cally investigate the relationships between the evolutions of P-wave and S-wave velocities and permeability
induced by mineral dissolution under different pore heterogeneities. We use a linear Boolean model to rep-
resent sedimentary rocks with various pore heterogeneities. We reproduce three typical dissolution patterns:
compact, uniform and wormhole, by adjusting the Péclet and Damköhler numbers. For these numerical simu-
lations, we use the lattice Boltzmann method to compute the velocity and concentration fields, and the finite
element method to compute the strain fields. Our results indicate that the evolution trends of both P-wave
and S-wave velocities are similar in all simulations. When the initial pore heterogeneity is fixed, the uniform
dissolution pattern cases show a faster decrease of elastic wave velocity as the dissolution progresses; when
the dissolution pattern is fixed, the more heterogeneous rock shows a faster decrease of elastic wave velocity.
The findings have important implications for subsurface engineering applications involving pore network and
fluid path evolutions caused by mineral dissolution.
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